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INTRODUCTION
Since the first description in 1971, there have been many
modifications of the Fontan operation to reduce mortality
and morbidity (1-4). Fenestration in the Fontan type opera-
tion allows right to left shunting that reduces Fontan path-
way pressure and improves cardiac output and short-term
clinical outcome in the standard-risk population (5, 6). How-
ever, persistent right-to-left shunting results in cyanosis and
increases the risk of paradoxical embolism (7). For these rea-
sons, fenestration closure is recommended after recovery from
the Fontan surgery (8, 9) and several devices have been used
to close the fenestration. We tried transcatheter closure of the
fenestration with the Cook
� detachable coils because public
medical insurance does not allow other expensive devices but
coils. This report describes our experience of transcatheter
closure of Fontan fenestration with the Cook
�detachable coils.
METERIALS AND METHODS 
Patients
A total of 22 patients have undergone examination for tran-
scatheter closure of the Fontan fenestration in our hospital
since 1998. These patients had persistent systemic desatura-
tion and no signs of increased systemic venous pressure and/or
low cardiac output such as hepatomegaly, ascites or edema.
In 9 patients, closure was not tried because of high Fontan
pathway pressure in 6 patients, inability to pass a catheter
through the fenestration in 2 patients, and too large fenestra-
tion for coil occlusion in 1 patient.
Transcatheter closure of the Fontan fenestration was per-
formed in 13 patients. Their average age at the time of the
procedure was 5.1±2.4 (2.7-11.7, median of 4.3) yr. Their
previous diagnoses are listed in Table 1. The patients under-
went two types of Fontan operation. One was an extracardiac
type Fontan operation with a short conduit as a fenestration
in 7 patients (5 or 6 mm of fenestration) and the other was a
lateral tunnel type Fontan with a punch-hole adjustable fen-
estration in 6 patients (3.5-5.0 mm of fenestration, unknown
in 1 patient). The fenestration closure was done at an average
of 32 (9-123, median of 17) months after the Fontan opera-
tion.
We reviewed the medical records of the patients to ascertain
demographic, echocardiographic, hemodynamic and angio-
graphic data. Presence of residual shunt after closure was eval-
uated by angiography at the cardiac catheterization lab and
thereafter by echocardiography. After discharge, resting oxy-
gen saturation was measured transcutaneously in room air.
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Transcatheter Closure of Fenestration with Detachable Coils After the
Fontan Operation
We report our experience in 13 patients who underwent transcatheter closure of
Fontan fenestration with the Cook
� detachable coils. These patients underwent the
extracardiac type Fontan operation with a short conduit fenestration (n=7) or lateral
tunnel type with a punch-hole fenestration (n=6). Fenestration closure was done at
the mean age of 5.1±2.4 yr, average of 32 months after the Fontan operation. We
used one to three coils depending on the fenestration type, size, and residual shunt.
Aortic oxygen saturations increased by an average of 5.4 (2-9)% and mean pres-
sures in the Fontan circuit increased by an average of 2.1 (0-6) mmHg. During fol-
low-up (median of 23 months), five patients (4 in extracardiac, 1 in lateral tunnel) had
complete occlusion of the fenestration on echocardiography. There was no imme-
diate or late complication. Transcatheter closure of fenestration in Fontan operation
using the Cook
� detachable coil is a safe and feasible technique. However, the coil
was ineffective for closure of a punch-hole fenestration in the lateral tunnel type ope-
ration. In the conduit type fenestration, some modification of fenestration method
instead of a short conduit for coil closure or use of new device is necessary to increase
complete closure rate.
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Procedure Protocol
Transthoracic echocardiography was performed before car-
diac catheterization to detect a possible thrombus and to eval-
uate patency of the fenestration. 
We evaluated arterial and venous collaterals by angiograms
at the aorta, subclavian arteries, superior vena cava or innom-
inate vein, and pulmonary artery. After closure of collaterals,
we measured the pressures and oxygen saturations at several
sites of the Fontan circuit, left ventricle and aorta. We then
performed a test occlusion of the fenestration with the Swan-
Ganz catheter and confirmed complete occlusion by angiogram
at the inferior vena cava (IVC)-to the pulmonary artery baf-
fle. About 15 to 20 min after the test occlusion we measured
the changes of pressure and oxygen saturation within the Fon-
tan circuit, left atrium and aorta.
The criteria for fenestration closure was: right atrial pres-
sure ≤18 mmHg, increase in the difference of arteriovenous
oxygen saturation ≤33%, right atrial saturation ≥40%, and
increase in the mean RA pressure <4 mmHg (10, 11). If the
changes of pressure and cardiac output were acceptable, one
or more detachable coils (Cook
�FlipperTM PDA closure detach-
able coil) were implanted. 
We used heparin during the procedure and warfarin and/or
aspirin thereafter.
Statistical analysis
The results of the fenestration closure depending on the
type of Fontan operation were compared with the Fisher’s
exact test. The differences of oxygen saturation and baffle
pressure between pre- and post-fenestration closure were com-
pared with Wilcoxon two-sample test in SAS version 9.1.
RESULTS
Coil used
We used one coil in eight patients (8 mm×3 loops in 3
patients; 5 mm×3 loops in 3 patients; 6.5 mm×4 loops
in 2 patients), 2 coils in four patients (8 mm×4 loops+5
mm×3 loops; 8 mm×4 loops+6.5 mm×4 loops; 8 mm
×3 loops+6.5 mm×4 loops; 6.5 mm×4 loops+5 mm×
4 loops) and three coils in one patient (6.5 mm×4 loops+5
mm×4 loops+5 mm×3 loops). Out of the 6 patients who
Case
No.
Sex Result
Age at fenestra-
tion closure
Type of Fontan op &
size of fenestration
Time after
fontan op
(month)
Follow up 
duration after 
fenestration 
closure 
(month)
Used coil
(*mm×*loops)
& anticoagulation
1 M 2 y 8 m Lateral tunnel &  9  81  8×3 Small residual shunt
? mm adjustable  aspirin
2 F 3 y Lateral tunnel &  24  37 5×3 Very small residual shunt
4 mm adjustable warfarin
3 M 11 y 8 m Lateral tunnel & 123  26  8×4, 5×3 Small residual shunt
5 mm adjustable warfarin
4 F 6 y 2 m Lateral tunnel &  38  22  5×3 No shunt
3.5 mm adjustable aspirin
5 M 6 y 9 m Lateral tunnel &  64 19  8×3 Small residual shunt
5 mm adjustable warfarin+aspirin
6 F 6 y 10 m Lateral tunnel &  60  12  8×3, 6.5×4 Small residual shunt
4 mm adjustable warfarin+aspirin
7 M 3 y 5 m Extracardiac & 14  62  5×3 No shunt 
6 mm TG warfarin+aspirin -> small residual shunt
8 F 3 y 10 m Extracardiac &  14  17  8×3 small residual shunt
6 mm TG warfarin+aspirin
9 F 3 y 9 m Extracardiac & 14  15  8×4, 6.5×4 Residual shunt ->
6mm TG  warfarin No shunt 
10 M 4 y 3 m Extracardiac &  15 11 6.5×4 No  shunt
5mm TG warfarin+aspirin
11 M 4 y 8 m Extracardiac &  18  11  6.5×4, 5×4, 5×3 No  shunt
6 mm TG  warfarin+aspirin
12 M 5 y 1 m Extracardiac &  17  10  6.5×4 No shunt 
5 mm TG warfarin+aspirin
13 F 3 y 11 m Extracardiac &  12 6 6.5×4, 5×4 Small residual shunt
5 mm TG  warfarin+aspirin 
Table 1. Patient profile
M, male; F, female; y, year; m, month; TG, tube graft; op, operation.Fontan Fenestration Closure with Coils   861
underwent the lateral tunnel type Fontan operation, a single
coil was used in four patients and two coils in two patients.
Out of the 7 patients who underwent the extracardiac type
Fontan operation, a single coil was used in four patients, two
coils in two patients and three coils in one. 
We did not measure the fenestration size on angiogram in
all patients, but there was any case with significant narrow-
ing of fenestration. At first we used single coil larger than
the fenestration size at the operation, but later we preferred
multiples coils because of low probability of delayed complete
closure. It was decided depending on the residual shunt amo-
unt on angiogram after initial coil deployment whether to
put an additional coil or not. We tried to put one or less loop
of the coil in the left atrial side and one to two loops in the
baffle side (Fig. 3, 4).
Hemodynamic data, before and after fenestration closure,
in the catheterization laboratory
Before and after fenestration closure, oxygen saturation data
at the femoral artery are presented in Table 2. Aortic oxygen
saturations increased by an average of 5.4 (2-9)%. After clo-
sure of the fenestration, oxygen saturation increased in all cases.
There was no significant difference in oxygen saturation change
between the two types of Fontan operation (p=1.0).
The pressure change data in the Fontan circuit is present-
ed in Table 3. Mean pressures in the Fontan circuit increased
by an average of 2.1 mmHg (range, 0 to 6 mmHg). In pati-
ents who underwent the lateral tunnel type Fontan operation,
the increase of the Fontan circuit pressure was less than in the
extracardiac type (average 1.5 vs. 2.6 mmHg). However, there
was no statistical difference (p=0.2258). The pressure in the
Fontan pathway increased in all patients but one. 
Result of fenestration closure
There was no immediate complication in catheterization
laboratory. In one of six patients with the lateral tunnel type
Fontan operation and in four of seven patients with the extra-
cardiac Fontan operation, the fenestrations closed immedi-
ately as observed by angiography and echocardiography. The
median follow up duration after the fenestration closure was
23 (11-86) months. 
The most recent transcutaneous oxygen saturation data is
shown in Table 2 and Fig. 1, 2. The latest saturation was an
average of 91.5 (88.0-96.0)% for the lateral tunnel type and
93.3 (86.0-93.3)% for the extracardiac type. Between the
two groups, there was no statistical difference in the change
of pre- and post-procedure oxygen saturation (mean difference
of 5.6% in the lateral tunnel type versus 5.2% in the extrac-
ardiac type; p=0.7802).
The most recent echocardiograms showed complete occlu-
sion of the fenestration in five of 13 patients (4 in extracar-
diac type and 1 in lateral tunnel type). One patient with the
extracardiac type Fontan operation had immediate complete
occlusion. Six months later, however, an echocardiogram re-
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Fig. 1. Before and immediately after the fenestration closure and
the latest systemic oxygen saturation in the patients with complete
closure of fenestration. 
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Fig. 2. Before and immediately after the fenestration closure and
the latest systemic oxygen saturation in the patients with incom-
plete closure of fenestration.
Case 1
Case 2
Case 3
Case 4
Case 6
Case 7
Case 8
Case 9
Before* After Change
Lateral tunnel  9.8 mm Hg  11.3 mm Hg 1.5 mm Hg
(6-11) (9-13) (0-3)
Extracardiac  9.6 mm Hg 12.1 mm Hg 2.6 mm Hg
(8-13) (10-16) (1-6)
Total 9.8 mm Hg 11.8 mm Hg 2.1 mm Hg
Table 3. Pressure change in Fontan circuit before and after the
fenestration closure (average [range])
*oxygen saturation at arterial blood gas analysis, 
� transcutaneous oxy-
gen saturation.
Before*
Immediately
after*
The latest
�
Lateral tunnel  88.7% 94.3% 91.5%
(85.0-93.3) (93.0-96.8) (88.0-96.0)
Extracardiac 90.7% 95.8% 93.3%
(85.0-93.5) (93.0-98.6) (86.0-96.0)
Total 89.8% 95.1% 92.5%
Table 2. Before and immediately after the fenestration closure
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vealed recanalization of the fenestration. Only one patient with
the extracardiac type showed delayed complete closure at 14
months after the fenestration closure. 
Finally, eight patients (3 in extracardiac type and 5 in lat-
eral tunnel type) had small residual shunt. The complete clo-
sure rate was higher in the extracardiac type, but in this small
sample, the difference was not statistically significant (p=
0.2657).
There have been no immediate or late complications such
as coil embolization, thromboembolic events, or document-
ed hemolysis during follow-up.
Results depending on the fenestration size are shown in
Table 4. Out of the 13 patients, 1 of 1 patient with 3.5 mm
fenestration, 2 of 5 patients with 5 mm fenestration and 2 of
4 patients with 6 mm fenestration had complete occlusion.
In one patient, fenestration size was not known. 
Anticoagulation therapy after fenestration closure
Before the procedure, 12 of a total of 13 patients had taken
warfarin and/or aspirin (warfarin in 5 patients, aspirin in 3
patients, warfarin and aspirin in 4 patients). After the pro-
cedure, all patients took warfarin and/or aspirin (warfarin in
*In one case, fenestration was recanalized.
(  ): the number of cases in which more than one coil was used. 
**In one case, the fenestration size was unknown.
Complete
closure
Incomplete
closure
Total
3.5 mm fenestration 1 1
4 mm fenestration 2 (1) 2
5 mm fenestration 2 3 (2) 5
6 mm fenestration 2 (2) 2* 4
Table 4. The latest results depending on the fenestration size
Fig. 4. Fenestration closure in a patient who underwent extracardiac type Fontan operation with a short conduit (A) as a fenestration. An
angiogram shows the flow through this short conduit (B, arrow). There is small shunt on an angiogram (D) after the first coil detachment (C).
Therefore we put the second (E) and the third coil (F) one by one. There is no significant residual fenestration flow after insertion of three
coils (G).
A B C D
E F G
Fig. 3. Angiogram after fenestration closure in a patient who under-
went lateral tunnel type Fontan operation. One loop of the coil is
in the pulmonary atrial side, and the remained two loops are in the
IVC-to-PA baffle. There is small residual shunt through the coil. IVC,
inferior vena cava; PA, pulmonary artery.3 patients, aspirin in 2 patients, warfarin and aspirin in 8
patients).
Follow-up catheterization
One patient with the lateral tunnel type Fontan operation,
who had trivial residual leakage on immediate echocardio-
graphy, underwent follow-up catheterization 2 yr after the
procedure due to progressive cyanosis. His initial pressure
in the Fontan pathway before the fenestration closure was 6
mmHg and the pressure after fenestration closure was 9 mm-
Hg. On the follow-up angiograms, there were only several
minor collateral arteries but no significant collateral veins.
An angiogram at the baffle revealed a small patent fenestra-
tion (size=3.3 mm). After a test occlusion, the pressure in
the Fontan circuit increased to 18 mmHg from 11 mmHg.
We decided not to close the residual fenestration according
to our procedure protocol. 
DISCUSSION
Although the fenestration in the Fontan procedure can im-
prove immediate postoperative course, it may result in per-
sistent cyanosis and paradoxical embolism. There is still de-
bate about whether to close the fenestration or not. Recent
reports support the need for fenestration closure. Goff et al. (9)
reported that fenestration closure is followed by improved
oxygenation, reduced need for anticongestive medication and
improved somatic growth. They recommended that patients
with fenestrated Fontan procedure should undergo late (>6
months after surgery) transcatheter closure if O2 saturations
are <90% and test occlusion is tolerated. 
Several devices have been used to close the fenestration. In
the extracardiac type Fontan operation with a conduit fenes-
tration, coils (12-14) and the Amplatzer duct occluder (15)
were used with successful results. In several studies, the at-
tempts at fenestration closure in the lateral tunnel type Fontan
operation were carried out using atrial septal occluders such
as the Amplatzer septal occluder (8, 16, 17), Clamshell (18)
or CardioSEAL (9) with excellent results. Unfortunately, in
our country, the use of septal occluders or the Amplatzer duct
occluder for fenestration closure is not allowed by public medi-
cal insurance system.
Data from our study showed that fenestration closure with
coils was more efficient in the extracardiac type Fontan opera-
tion than in the lateral tunnel type (57% vs. 16%) even though
there was no statistical difference. In the lateral tunnel type
Fontan operation, only one case with a 3.5 mm fenestration
had complete occlusion of the fenestration. We thought a
punch-hole fenestration in the lateral tunnel type was not
suitable for closure with coils.
However, even in patients with the extracardic type Fontan
operation, the complete closure rate was only 57%. It seems
that the low rate of complete closure is related to the shape
of the fenestration graft. In our cases, the fenestration graft
used in the extracardiac type Fontan was a short (about 7 mm)
straight tube. There was no case of spontaneous fenestration
closure in our patients with this kind of fenestration graft.
In addition, the shape might contribute to the low complete
closure rate because a coil cannot be easily tangled in this type
of graft. In other studies using coils (12, 13) more than half
of the complete closure cases were delayed complete occlu-
sion. There have been some modifications to fenestration graft
to increase closure rate. Bradley et al. (12) made the fenestra-
tion graft narrow with surgical clip across the midportion to
facilitate later fluoroscopic localization and subsequent trans-
catheter coil occlusion of persistent fenestrations. In that
report there was spontaneous closure in 56% of patients who
underwent the fenestrated Fontan operation. Kim et al. (14)
also used a long angled tube graft to facilitate coil emboliza-
tion. Comparing the closure rates and pattern in these reports,
we thought a short straight conduit in extracardiac type Fontan
was not good for later coil occlusion. It would be better to
make some modifications to fenestration graft to increase com-
plete closure rate with coils or to use other devices such as the
Amplatzer vascular plug which becomes available recently.
Anticoagulation therapy, taken by most of our cases, also
contributed to the low rate of complete closure. The Cook
�
FlipperTM PDA closure detachable coil is designed as a plat-
inum or stainless steel coil with spaced synthetic fibers to
promote maximum thrombogenicity. Therefore, anticoagu-
lation therapy in our cases might prevent complete closure
of the fenestration. 
The difference of oxygen saturation between immediately
after the fenestration closure and at the most recent follow-
up evaluation was noted in our data. The findings may be
partially due to the method of data collection. Data on imme-
diate oxygen saturation after the fenestration closure was ob-
tained during sedation, but follow-up data was obtained at
an out-patient clinic. In addition, development of new small
venous collaterals after fenestration closure was a possible expla-
nation. 
One patient who had trivial leakage immediately after fen-
estration closure developed a substantial flow through the
fenestration with decrease of oxygen saturation (94% to 91%).
During the cardiac catheterization, he showed a significant
increase of pressure in the Fontan circuit after the test occlu-
sion (initial Fontan pathway pressure before closure, 6 mmHg;
post-closure, 9 mmHg; follow-up Fontan pathway pressure
before test occlusion, 11 mmHg; after test occlusion, 18 mm-
Hg). Because there was no significant veno-venous collater-
als, desaturation was thought to be by reopening of the fen-
estration. Increased flow through the fenestration on echocar-
diogram and increased Fontan pathway pressure can explain
increased right to left shunting through the fenestration as
well as reopening of the fenestration by increased pressure.
If there was complete closure of the fenestration using the
Fontan Fenestration Closure with Coils   863atrial septal occluder, the patient would suffer from compli-
cations due to high systemic venous pressure.
In conclusion, transcatheter closure of the fenestration in
the Fontan operation with detachable coil is a safe and feasi-
ble technique. However, the coil was ineffective for closure
of a punch-hole fenestration in the lateral tunnel type oper-
ation. In the extracardiac type Fontan operation, the detach-
able coil is also not ideal for closure of a short straight con-
duit fenestration. Modifications to fenestration conduit such
as a long redundant fenestration graft or clipped tube fenes-
tration graft would be helpful for the fenestration closure with
coil. Other closure device such as the Amplatzer vascular plug
can be considered for complete closure of a short conduit.
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